This paper proposes a new algorithm to improve the throughput of the MIMO interference channel, under imperfect channel state information (CSI). Each transmitter and receiver has respectively and antennas and network operates in a time division duplex mode. With the knowledge of channel estimation error variance, mean of signal-to-interference-plus-noise ratio (SINR) is approximated. Each transceiver adjusts its filter to maximize the expected value of SINR. Formulation of maximization problem is convex. The proposed New Approach for Throughput Enhancement under imperfect CSI utilizes the reciprocity of wireless networks to maximize the estimated mean. The sum rate performance of the proposed algorithm is verified using Monte Carlo simulations.
Introduction
Normally, wireless network scenarios such as interference channel (IC), share the channel among the users, resulting in multi-user interference. Among different medium access control (MAC), such as TDMA, FDMA, CDMA, a new method termed interference alignment (IA), leads to the efficient use of communication resources, since it successfully achieves the theoretical bound on the multiplexing gain. This scheme fits the unwanted signals from other users into a small part of the signal space observed by each receiver (interference subspace) while the other signal subspace is left free of interference for the desirable signal. The algihment solution has been provided in different papers [1] - [7] . In practice, CSI is far from being perfect due to a variety of reasons, such as channel estimation error, quantization error, feedback error / delay, and etc. In [8] - [9] the performance of IA under CSI error was quantified. Mean loss in sum rate compared to perfect CSI case increases unboundedly as SNR increases.
In order to maximize sum rate of the MIMO interference network, beamforming strategy based on the interference alignment is used. Progressive minimization of the leakage interference is the basis for such algorithms [4, Algorithm 1], [5] , and [7] . Other algorithms include Max-SINR algorithm [4, Algorithm 2] , and minimum mean square error [6] . These schemes are established based on the availability of perfect CSI. The performance of transceivers is sensitive to CSI inaccuracies. Different algorithms are proposed to improve the throughput of the IC, under imperfect CSI.
Researchers have tried to improve sum rate of the MIMO interference network under imperfect CSI via robust transceiver design. In order to maximize system throughput, beamforming strategy based on the interference alignment is used. In [10] , authors applied a minimum mean square error criterion to improve robustness of the MIMO IC for a channel with 3 uncertainty. The authors in [11] proposed a robust distributed joint signal and interference alignment algorithm for the MIMO cognitive radio networks.
It has been established that the Max-SINR algorithm is optimal among the class of linear beam-formers at high SNRs [12] . In this paper, we will focus on improving the sum rate of the MIMO IC based on the sum rate improvement of the algorithm under CSI error. Each transceiver adjusts its filter by maximizing the expected value of signal-to-interference-plus-noise ratio (SINR). The contribution of this paper (specifically, the presented novelty compared to the authors previous work in [4] ) is related to the use of approximate mean for maximization.
Numerical results demonstrate when approximate mean is used for maximization the proposed transceivers will lead to sum rate improvement, as shown in Fig. 3 .
Robust algorithm is designed based on the reciprocity of wireless propagation. The algorithm is implemented in a distributed manner only with local channel knowledge. In other words, each user only needs to estimate the channel between its own transmitter and receiver.
The effect of CSI imperfection on mean of SINR is approximated. Monte Carlo simulations demonstrate that more accurate approximation can be achieved with less error variance and SNR. This paper is organized as follows. System model is studied in section 2. Section 3 proposes robust transceivers. Simulation results are presented in section 4 and concluding remarks are drawn in section 5.
System Model
In a K-user MIMO IC, transmitter and receiver have and antennas, respectively.
Independent symbols with power are sent by the transmitter. True and estimated 4 channel matrices between transmitter j and receiver k are denoted by and , respectively.
Then, the error model is described by:
(1) .
The elements of , error matrix, are independent and identically distributed Gaussian with zero mean and variance . The received signal at receiver k is expressed by 
. System model. Reciprocal network (below channel) is obtained by switching the roles of transmitters and receivers in the original channel (top network). Original and reciprocal channels distinguish two working modes.
The relation between the original and reciprocal channel matrices is ⃖ [4] . Since the receivers of the reciprocal channel play the roles of original network's transmitters and vice versa, then ⃖ and ⃖ .
New Approach for Throughput Enhancement under Imperfect CSI
In this section, the proposed algorithm is formulated. 
under Imperfect CSI
According to the system model, the SINR value for the data stream at receiver is expressed by
The random variables, and , are used to represent signal-to-interference-plus-noise ratio as a rational function and are defined by:
It is seen that are functions of error matrices. Next, the mean of , and are computed as follow
. Where, we have used ∑ ∑ and denote, respectively, the estimated covariance matrix of all data streams observed by the receiver k and estimated covariance matrix of the desirable data stream.
In this way, , and can be approximated by , and . Therefore, with respect to , and is given by 
Algorithm Formulation
The algorithm starts with arbitrary transmit and receive filters and then iteratively updates these filters to provide the solution. The goal is to achieve a robust transceiver by progressively Step I
In the original network, the columns of interference suppression filter are updated by each receiver as follow.
Maximization of (9) over can be stated as follow
where matrices are , and
. It is shown in [13] that the optimization problem in (10) Step II
Transmit precoding matrices in the reciprocal network are the receive interference suppression matrices in the original network, determined in
Step I. Each receiver solves the following optimization problem:
The transmit precoding matrices, ⃖ , are the receive interference suppression matrices from the original network that their columns are given by (12) . The optimal unit column of ⃖ , is given by
Now, receive interference suppression matrices in the reciprocal network, obtained using (13), replace the transmit precoding matrices in the original network, and then the algorithm returns to
Step I. The switching between both channels continues in this manner. The steps of the algorithm are given in Fig. 2 .
In order to implement the algorithm in a distributed style, receiver k needs to know and , which are locally available. The covariance matrix can be estimated from the autocorrelation of received signal . Each user needs to estimate the channel between its own transmitter and receiver for .
Convergence of the algorithm is shown numerically based on the fraction of interference leakage to received signal parameter [10] in the next section. Pick arbitrary precoding matrices of size to initialize.
Compute in original channel:
Compute ⃖ in reciprocal channel:
Simulation Results
The 
The overall sum rate of the system is given by ∑ ∑ . 1. is SNR in the network, since all data streams are of power P and is noise power at all receivers.
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Fig. 3. Average sum data rate versus SNR.
The better performances of the proposed scheme compared to other algorithm is accountable to suitably: 1-Utility Function (Max-SINR algorithm is optimal within the class of linear beam-formers [12] ). 2-Mean approximation (When approximate mean is used for maximization, the proposed transceivers will lead to sum rate improvement).
It is straightforward to say as decreases, the impact of any error in approximating diminishes. On the other hand, SNR scales linearly with as it is obvious from (9). Therefore, any approximation error will be attenuated as SNR decreases. Here the impacts of influential parameters on the accuracy of approximation are confirmed via Monte Carlo simulations.
Numerical value of [ ] and theoretical approximation are depicted in Fig. 4 . The network uses proposed algorithm to compute precoding and interference suppression matrices. 
Conclusion
In this paper, a robust algorithm was proposed to improve the throughput of the MIMO interference channel, under imperfect CSI. The effect of CSI imperfection on the SINR mean was approximated. In the proposed New Approach for Throughput Enhancement under imperfect CSI, filters were adjusted based on the problem of SINR expectation maximization.
Transceivers were designed based on the reciprocity of wireless networks. Monte Carlo simulations demonstrated that the proposed algorithm improves data rate of MIMO IC under imperfect CSI.
